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Abstract The para-aminobenzoic acid (PABA) product is an amphoteric component that has three forms
in an aqueous solution. PABA can titrate with strong acid or a strong base. The conjugated acid of PABA can
ionize in two sections, and two peaks can be detected to overlap. In this situation, the correct resolution
and quantitation of the analytes is not possible, An UV spectrophotometric acid-base titrations method is
proposed for the quantitative determination of PABA products in pharmaceutical samples. The acid-base
equilibrium model is included in the Multivariate Curve Resolution-Alternating Least Squares (MCR-ALS)
method. This method makes data evaluation possible, even when spectra of contributing substances are
highly overlapping or reaction intermediates have to be detected. Furthermore, quantification of analytes
is possible in the presence of unknown interferents if pure analyte standards are available. The results
obtained indicate a recovery of >91% and relative error of <9% in the proposed approach for the PABA
product.
© 2012 Sharif University of Technology. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
Para-Amino Benzoic Acid (PABA) is a non-protein amino acid
that is widely distributed in nature. Since a small amount of it
is present in the vitamin B-complex, it is included as a member
of the vitamin family. Since it improves the protein used in the
body, and is also related to red blood cell formation, as well
as assisting the manufacturing of folic acid in the intestines,
it is biologically important [1]. It is essential for the growth of
microorganisms, but less essential as a nutrient for the human
body. Most often, it is used in sunscreen preparations, since
it can help to protect the skin against ultra-violet radiation.
However, it is toxic in nature. The human body requires a very
small amount, but in excess, it can cause liver damage.
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doi:10.1016/j.scient.2011.12.016The analytical methods frequently used for the determination
of PABA include fluorescence [2], liquid chromatography
[3–5], and high performance liquid chromatography [6].
However, some disadvantages arise from these methods, such
as the use of toxic solvents, spending of time, and the need
for sample pretreatments. Direct UV-vis spectrophotometric
determination represents a rapid, simple and cheap method
for the determination of these components. In spite of
this, the direct spectrometric measurements show a lack of
specificity, because the spectra are strongly overlapped. In
these cases, selectivity may be mathematically restored by
applying multivariate data analysis. In particular, the so-called
second-order advantage can be achieved; a property which is
inherent in matrix instrumental data, and which implies that
analytes can be quantitated in samples containing potential
interferences [7]. Some chemometric methods dedicated to the
analysis of this kind of data are: generalized rank annihilation
(GRAM) [8], parallel factor analysis (PARAFAC) [9], Tucker
and second-order Curve Resolution (CR) [10] and Multivariate
Curve Resolution-Alternating Least Squares (MCR-ALS) [11].
The latter has already been applied to very diverse second-order
calibration problems, such as, for example, titrations series
[12,13], chromatographic runs [14] or kinetic data [15], the
evier B.V. Open access under CC BY-NC-ND license.
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MCR-ALS method proposed in this work. The dissociation of an
amphoteric component in an aqueous solution can be studied
by spectrophotometric measurements, so that the absorbance
spectrum can be obtained at each pH value. Like all acid–base
titration, the quantitative analysis of components usually
depends on the presence of titration jumps, so that the titration
end point can be detected. Today, the spectrophotometric
measurements in each pH are still used in quantitative
analysis. If there is no interference in the sample solution,
the quantitative analysis of an acid can be done through an
acid–base titration without any problem. But, in the presence
of some known and unknown interferences, the analysis is not
so simple and needs some extra calculations. These unknown
interferences may or may not have acid–base behavior.
In the current study, since PABA is an amphoteric compo-
nent, and has three forms in an aqueous solution, as shown in
Figure 1, it can titratewith strong acid or a strong base. The con-
jugated acid of PABA can ionize in two sections. In otherwords, it
is a diprotic acid whose PKa values are much closer, and during the
titration of which two peaks can be detected to overlap. In this sit-
uation, the correct resolution and quantitation of the analytes
is not possible. MCR-ALS has been applied to the study of this
multiequilibria system, using spectroscopic titrations.
2. Theory
2.1. Singular value decomposition
The number of chemical species present in an augmented
matrix was first estimated by singular value decomposition
(SVD) [16], since it was assumed that the singular values
associated with the chemical components are much larger
than other possible contributions, such as instrumental drift
or experimental error. The number of species finally chosen
was checked to provide a chemically reliable resolution of
the system. The number of significant components calculated
by SVD is more than the true number of spectroscopically
absorbing species that are expected, based on chemical
information. It means that there are one or more interfaces in
the system, but they do not behave similar to analytes.
2.2. MCR-ALS
The aim of second-order data treatment, such as MCR-
ALS [17], is to decompose the raw matrix D(n × m) into the
product of two matrices according to Eq. (1):
D = CST + E, (1)
where the rows of D contain the spectra measured for different
samples at several values of the temporal dimension, the
columns of C contain the profiles of the intervening species
in the temporal dimension, the columns of S their related
spectra, and E is a matrix of residuals not fitted by the
model. The iterative ALS procedure aims at minimizing E,and is initialized using an initial estimation of the spectral or
concentration profiles for each intervening species. Different
methods are used for this purpose, such as Evolving Factor
Analysis (EFA) [18]. If initial estimations are spectral profiles,
the unconstrained least-squares solution for the concentration
profiles can be calculated from the expression:
C = D(ST )+, (2)
where (ST )+ is the pseudoinverse of the spectral matrix, ST ,
which is equal to [S(ST S)−1], when ST is full rank. If the initial
estimations are the concentration profiles, the unconstrained
least-squares solution for the spectra can be calculated from the
expression:
ST = C + D, (3)
where C+ is the pseudo inverse of C[C+ = (C TC)−1C T ],
when C is full rank [19]. Both steps can be implemented in an
alternating least squares cycle, so that, in each iteration new C
and ST matrices are obtained. During the iterative recalculations
of C and ST , a series of constraints are applied to improve
these solutions to give them a physical meaning, and to limit
their possible numbers for the same data fitting [20]. Iterations
continue until an optimal solution is obtained that fulfils the
postulated constraints and the established convergence criteria.
For example, non-negativity constraints are applied to spectra
profiles, such as the UV-visible and the concentration profiles,
due to the fact that concentrations of the chemical species
are always positive values or zero. Unimodality is a constraint
that can be applied to profiles having a single maximum.
Finally, closure constraints may be applied for the fulfillment
of chemical mass balance equations among different chemical
species in equilibrium.
Different matrices can be analyzed together in MCR-ALS.
This procedure is called matrix augmentation and allows
quantitation of a known analyte in the presence of unknown
interferents. The possible unmodeled data variance in the
residuals was evaluated by the lack of fit (Lof), using the
following equation:
Lof = 100

(dcalc − dreal)2

dreal2
0.5
, (4)
where dcalc and dreal refer to the calculated and real absorbance
data, respectively. The quantification was performed by com-
paring the areas below the concentration profiles for the ana-
lyte in the standard and in the unknown samples:
Cunk = (Aunk/Astd)Cstd. (5)
Here, Cunk and Cstd are concentrations of the analyte in the
unknown and standard samples, respectively, Aunk and Astd are
the areas below the concentration profiles in the unknown and
in the standard samples, respectively.
3. Experimental
3.1. Materials and apparatus
Para amino benzoic acid was purchased from Merck and
used without further purification. Sulfuric acid and sodium
hydroxide (Merck) were used to set the pH values.
UV-Vis absorbance spectra were collected using a Varian
Cary 500 spectrophotometer and 10 mm quartz cells. The
recorded spectra were digitized with one data point per nano-
meter. Measurements of pH were made with a Metrohm728
pH-meter using a combined glass electrode. All calculations
were performed in MATLAB 7.
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A pharmaceutical sample, a vitamin B-complex tablet
containing PABA and pure powder PABA, was used for real and
standard samples, respectively. All solutions were prepared by
dissolving a required amount of samples in deionized water.
Since PABA is an amphoteric component, it can titrate with
strong acid or a strong base. In this work, as the first step
of all titrations, the pH values was adjusted around 2 with
4 M sulfuric acid to be sure that the PABA products were in
their acidic form. Then, a few µl of 4 M NaOH solution were
injected in order to increase the pH value at each titration
step. The concentration of NaOH solution was high enough,
so that only a very small volume was needed, and the total
volume of the solution was not affected by the addition of
NaOH; pH varies from 2 to 6.2 in both dissociation periods of
the diprotic acid. The dissociation of diprotic acid in aqueous
solution can be studied by spectrophotometric measurements.
It means an absorbance spectrum is obtained at each pH value.
A data matrix obtained by spectrophotometric titration can
be decomposed into two concentrations and spectral matrices,
using the MCR-ALS method.
4. Results and discussion
4.1. Rank analysis
PABA, in dissociation periods, is in three forms, all of them
are active in the UV-Vis region, rank 3 is obtained for this
data matrix. But, if in addition to PABA, other components
are present in the sample, some other equilibria should be
considered, and in this case, the calculated rank of the system
will differ from expected values. Table 1 shows that the number
of chemical species present in real samples, estimated by SVD,
is more than the true number of spectroscopically absorbing
species that are expected based on standard samples. It means
that there are one ormore interfaces in the system. But, they do
not have similar behavior to analyte. Recovering this problem
was undertaken by matrix augmentation.
4.2. ALS optimization
Multivariate curve resolution is applied to provide an op-
timal estimation of concentration and spectra profiles of the
species formed during the chemical reaction. Resolution of
these chemical species is greatly improved when several runs
of different spectrophotometric titrations of the same chemical
reaction system are analyzed simultaneously, allowing quan-
titative determination of the concentration of PABA that has
reacted in each case. For each titration, a set of spectra are ob-
tained at pH values from 2 to 6.2. Spectra were registered from
200 to 350 nm in steps of 1 nm, thus, 150 working wavelengths
were finally used.Table 1: Determination of the number of compounds by SVD.
Factor Standard sample Real sample
1 25.5851 48.3536
2 5.3503 5.1698
3 2.0109 1.7204
4 0.0603 0.1275
5 0.008 0.076
6 0.0016 0.0119
7 0.0012 0.0038
8 0.0011 0.0025
9 0.0009 0.0014
10 0.0009 0.0013
Rank 3 4
Figure 3: Estimated concentrationprofile for para aminobenzoic acidwith EFA.
Table 2: Lack of fit (Lof) of some components.
Component % Lof
1 3.0443
2 3.0977
3 2.8213
4 2.5495
5 2.7378
6 2.3630
7 2.5658
The collected absorption spectra of pure PABA and the B-
complex tablet are shown in Figure 2. Before running the
MCR-ALS program, the concentration profile for all species is
estimated with EFA and the results of one case are shown in
Figure 3.
By running the MCR-ALS program, not only are spectra and
concentration profiles reached, but also percentages of the
fitting errors of these profiles. Figure 4 shows the spectra and
concentration profiles of one component and the final Lof of
some components are shown in Table 2.
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amino benzoic acid by MCR-ALS.
Table 3: Errors of prediction concentrations of PABA from MCR-ALS
method.
RMSEP SEP Bias RE % R2
0.349 0.381 0.039 7.432 0.9992
RMSEP: Root Mean Square Error of Prediction.
SEP: Standard Error of Prediction.
RE: Relative Error.
Table 4: Statistical parameter of accurate of proposedmethod for two PABA
products.
Added conc. (M) Detected conc. (M) % Relative error % Recovery
2.1600× 10−5 1.9665× 10−5 8.9583 91.0416
2.2300× 10−5 2.0862× 10−5 6.4484 93.5515
Concentration of PABA in some B-complex tablets, as real
samples, is calculated by Eq. (5), as explained previously. For
showing errors of concentration predictions in this method,
some equations are proposed and result of them collected
in Table 3. Finally, to show the accuracy of this method, the
percentage of recovery and relative error of concentration of
added PABA, in two cases, are generalized in Table 4.
5. Conclusion
The method is suited to those cases where no previous
information about the system is available, and where only a
model-free approach can be used. The method takes advantage
of the selectivity present in the system, as well as the
information gained when several runs of the process, under
different conditions, are analyzed simultaneously.
In order to fully exploit the information contained in sec-
ond–order data, chemometric methods, such as Multivariate
Curve Resolution-Alternating Least Squares (MCR-ALS), have
to be applied. By analyzing the full spectra instead of single
wavenumbers, these methods make data evaluation possible,
even when spectra of contributing substances are highly over-
lapping or reaction intermediates have to be detected. Further-
more, quantification of analytes is possible in the presence of
unknown interferents, if pure analyte standards are available.
The method used requires decisions regarding noise levels, ap-
propriate spectra shapes, and the use of various constraints
made by the analyst.
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